ABSTRACT Acetylcholine, which stimulates NaCI secretion in the avian salt gland, causes the rapid formation of a fraction of phosphatidic acid, as measured by 2p incorporation, which amounts maximally to about 0.18 moles per g of fresh tissue. This does not appear to involve synthesis of the diglyceride moiety of phosphatidic acid, as measured by glycerol-l-1 4C incorporation. It presumably involves formation of phosphatidic acid by the diglyceride kinase pathway from preformed diglyceride and ATP. The specific activity of the AT32P of the tissue is not increased in the presence of acetylcholine. At time intervals after addition of acetylcholine during which a full response, measured as increased 02 uptake, may be observed, phosphatidic acid appears to be the only phosphatide which shows any increase either in total a32 radioactivity or in net specific acitvity. This responsive fraction of phosphatidic acid undergoes continuous turnover of its phosphate moiety. There is no evidence that this turnover is due to the phosphatidic acid acting as a pool of intermediate for the synthesis of other phospholipids or glycerides. The responsive fraction amounts to not more than 20 % of the total phosphatidic acid of the tissue; it does not mix with the other (nonresponsive) phosphatidic acid of the tissue. The observations suggest that this phosphatidic acid plays some role in the over-all secretory process .
INTRODUCTION
The avian salt gland secretes a hypertonic solution of sodium chloride in response to cholinergic stimulation (1, 2). In salt gland slices there is, associated with this response, an increase in the amount of 32p found in phosphatidic acid and, under some conditions, in the amount of 32p and inositol-2-3H found in phosphatidylinositol; the incorporation of 32p into phosphatidylcholine and phosphatidylethanolamine is increased relatively slightly or not 793 at all (3) ; the amount of 32p found in diphosphoinositide and triphosphoinositide is somewhat reduced in the presence of acetylcholine (4) . The present paper investigates the nature of the phosphatidic acid response to acetylcholine (ACh).
Part of this work was presented in a preliminary communication (5) and has been discussed elsewhere in a symposium (6) . EXPERIMENTAL Albatrosses were obtained and kept as described elsewhere (3) . Gulls were captured, reared, and used as described previously (7); they were given a 1.5 % solution of sodium chloride as their drinking water. Domestic geese were given a 1.5 % solution of sodium chloride as their drinking water for at least 1 month before sacrifice. The animals were killed by decapitation. The salt glands were removed and slices were prepared as described previously (3) . The weight of the slices before incubation, after blotting lightly on Whatman No. 50 filter paper (Whatman Drawing & Filter Papers, Clifton, N. J.) is referred to as the fresh weight. The slices were stored in a covered dish on ice; they were added to the incubation medium at timed intervals immediately before placing in the incubation bath.
The slices were incubated in the saline medium of Krebs and Henseleit (8) with added glucose (5.5 mM). This medium is buffered with bicarbonate-CO and has 95 % 02 + 5 % CO 2 as the gas phase; the gas phase was renewed each time the incubation flasks were opened for additions or transfers. 2ap was added to the medium as orthophosphate-1 3P; the concentration of orthophosphate in this medium is 1.2 moles per ml. Except as otherwise indicated, all values are corrected to a specific activity of 107 cPM per /Amole of phosphate for the orthophosphate of the medium.
When ACh was added to the medium, eserine was also added, in order to inhibit endogenous acetylcholinesterase. The specific conditions concerning ACh and eserine are given in each table and figure.
At the end of the incubation period, the slices were removed, placed in tubes, and frozen by plunging the tubes in a dry ice-alcohol bath. The tissues were homogenized from the frozen state in either 5 % trichloroacetic acid or 0.1 N perchloric acid. Acidsoluble and acid-insoluble fractions were separated by centrifugation.
The nucleotide fraction of the acid-soluble extracts was separated by adsorption on Norit A (American Norit Co., Jacksonville, Fla.) as described by Crane and Lipmann (9) . The material adsorbed on Norit A was hydrolyzed for 10 min at 100 0 C in 1 N H 2 SO 4 . The orthophosphate liberated by this procedure from the labile phosphoric anhydrides was assayed by the method of Bartlett (10) . The radioactivity of this orthophosphate was determined by the method of Berenblum and Chain (11) ; this method involves formation of a phosphomolybdate complex which is then extracted into isobutanol; in this way the radioactivity of the orthophosphate is separated from that of the phosphate esters present. Aliquots of the isobutanol phase were plated and counted. Thisphosphateis referred to as the NP of the total nucleotide fraction. Except as otherwise indicated, ATP and ADP were separated by electrophoresis on paper, as described by Sato, Thomson, and Danforth (12) ; the level and radioactivity of the -P in the individual nucleotides were estimated by the method of Berenblum and Chain (11) after hydrolysis carried out by heating the paper strips in 4 ml of 1 N H 2 SO 4 at 1000 for 10 min.
Chloroform extracts of the acid-insoluble material were prepared as described previously (3). Aliquots of the chloroform extracts were chromatographed either on silicic acid-impregnated paper with diisobutylketone-acetic acid-water (40: 25:5) as the solvent, as described by Marinetti, Erbland, and Kochen (13), or on Schleicher and Schuell No. 2045B chromatography paper (ascending chromatography perpendicular to the grain of the paper) (Schleicher & Schuell, Co., Keene, N. H.) with chloroform -diisobutylketone -methylisobutylketone -methylethylketone -formic acid (88 %) (110:30:26:10:33) as the solvent, as described by Beiss and Armbruster (14) . The phosphatides were located by radioautography and counted (15) . The recovery of phosphatidic acid radioactivity under these conditions was very consistent. For estimation of the radioactivity in di-and triphosphoinositides, lipid extracts were prepared from the acid-insoluble fraction by the method of Folch (16) and the extracts were chromatographed on silicic acid-impregnated paper with phenol-ammonia as the solvent system, as described by Santiago-Calvo, Mule, Redman, Hokin, and Hokin (4) .
To determine the specific activity of the individual phosphatides, a chloroform extract of a 2 P-labeled phosphatides from about 200 mg of albatross salt gland slices was fractionated on a 10 g silicic acid-supercel column according to the method of Hanahan, Dittmer, and Warashina (17) . The individual peaks were further fractionated on silicic acid-impregnated paper according to the method of Marinetti et al. (13) . The individual spots were detected by staining with rhodamine G and/or by radioautography. The individual phosphatide spots were cut out, eluted by the method of Marinetti et al. (13) , and total phosphorus was determined on each spot. An equal area (determined by weight) of paper was cut from the chromatogram lateral to each spot and treated in a similar manner. In this way each determination was corrected for the relevant paper blank. Phosphorus was determined either by the method of Berenblum and Chain (11) or by the method of Fiske and SubbaRow (18) , depending on the level of phosphorus expected. Samples of the eluates were also counted.
Other methods used are described in the individual tables and figures.
RESULTS

Uptake of Orthophosphate-32P and Specific Activities of ATP and ADP in the Absence and Presence of ACh in Salt Gland Slices
Most of the studies reported here have involved measurement of 32p incorporation into phosphatides. The precursor 32p was introduced as orthophosphate into the medium in which slices of tissue were incubated. It has been necessary therefore to establish that the changes in phosphatidic acid-32P radioactivity in response to acetylcholine which are to be discussed are not secondary to changes in the specific activity of possible radioactive precursors, either as a result of ACh effects on the uptake of orthophosphate-32P into the cell or as a result of ACh effects on metabolic patterns. The uptake of ortho-phosphate-32P in the presence and absence of ACh (plus eserine) is shown in Fig. 1 . On addition of orthophosphate-32P to the incubation medium, there was an initial rapid rise in tissue 2P during the first 10 min, which was followed by a continuous, relatively slow uptake of radioactivity. In a separate experiment using albatross salt gland slices, in which shorter time intervals were measured after the addition of orthophosphate-32P to the medium, over 90% of the initial rapid uptake was found to occur during the first 2 min, with a linear, relatively slow uptake of radioactivity during the subsequent 5 and 30 min period measured. In two experiments, the net a2P uptake in the presence of ACh (plus eserine) was less by 28 and 15%, respectively, than in the control slices. The initial rapid uptake of 32P is presumably due to equilibration of the fluid of the extracellular space with the incubation medium. When the slices were transferred to nonradioactive medium, there was a loss of 32P within the first few minutes after transfer which was approximately equal to the amount involved in the initial rapid uptake; the subsequent rate of loss was very much slower. The initial rapid uptake of a2p, if assumed to be due to uptake into the extracellular space, gave a value of 442 ul/g fresh weight (sE 4-51; 3 experiments) for the volume of the extracellular space. This is in reasonable agreement with the volume of the extracellular space as determined by inulincarboxyl-14C uptake; this volume was found to be 430 l/g fresh weight (SE 4-23; 5 experiments) for incubated slices.
The specific activity of the ATP of the cells under various conditions is important since, as discussed below, the evidence indicates that either AT32P or a precursor of the same specific activity as AT32P is the precursor for the introduction of 32p into the phosphatidic acid molecule. ACh stimulates O0 uptake in the slices (3, 19) and therefore presumably increases the rate of ATP Goose salt gland slices were incubated in the presence of orthophosphateaSp. The ACh concentration was either 10-5 M or 10 -6 m; the eserine concentration was 10-4 M; these agents were present from the beginning of the incubation. Values given are the means and standard errors of the means of results from three separate experiments; they are corrected to a specific activity of 107 cp/#mole P for the orthophosphate-P of the medium.
turnover. The approximate turnover time can be calculated from the rates of O0 uptake and the steady-state levels of ATP, which are presented elsewhere (20) . Under the incubation conditions of the present work, the average 02 uptake in control slices was 2.3 moless O2/g fresh weight of tissue/min, and the average steady-state level of ATP was 1.1 umoles/g fresh weight of tissue. In slices exposed to ACh, the average 02 uptake was 7.1 ,umoles/g fresh weight of tissue/min, and the average steady-state level of ATP was 0.4 ,umoles/g fresh weight of tissue. These values indicate that if a P:O ratio of the order of 3 is assumed, the turnover time of the y-P of ATP would be of the order of 5 sec in the control slices and 0.5 sec in the stimulated slices. ATP would therefore be expected to be in radioactive equilibrium with its precursor orthophosphate-32P in both control and stimulated slices over the time intervals studied in the present work. If this is so, an increase in the turnover rate due to ACh would not be reflected in an increased specific activity of ATP. Table I shows that the specific activity of the -P of ATP and ADP and the total nucleotide fraction (as defined above) in the presence and absence of ACh at incubation times of 10 and 80 min. The specific activity of the -P of ATP was not increased in the presence of ACh; under the conditions of Table I the specific activities of the -P of ATP and ADP, and of the total nucleotide fraction, were lower at 10 min in the presence of ACh than in the control slices, a reflection presumably of the somewhat depressed uptake of orthophosphate-32P into the slices in the presence of ACh, which is proportionately more marked at earlier than at later time intervals (see Fig. 1 ). The amount Slices were incubated in the presence of orthophosphate-u 2 P for the time interval shown and were then transferred to nonradioactive medium. Eserine (10-4 M) was added with the ACh. Specific activities were determined by the method of Berenblum and Chain (11) . In A15, albatross salt gland slices were used and ATP was separated by column chromatography according to the method of Hurlbert, Schmitz, Brumm, and Potter (21) . In G19 and G78, goose salt gland slices were used. In G19, ATP was separated by the paper chromatographic method of Gerlock, Weber, and Doring (22); in G78, ATP was separated by electrophoresis on paper by the method of Sato, Thomson, and Danforth (12).
of ATP and ADP recovered after electrophoresis accounted for more than 80% of the total -P of the nucleotide fraction. In each of three experiments, the specific activity of the -P of ATP was somewhat higher than that of the -P of the total nucleotide fraction at 10 min after the addition of orthophosphate-32P to the medium, but at 80 min there were no significant differences in the specific activities of the total -P, the -P of ATP and the -P of ADP. Routinely, in experiments in which the exposure time to orthophosphate-3P was 80 min or more, the specific activity of the -P of the total nucleotide fraction was measured rather than that of the -P of ATP. It is difficult to measure the specific activity of the orthophosphate of the tissue under the conditions of Table I , due to the presence of high specific activity orthophosphate in the extracellular space of the tissue. Table II shows that when this radioactivity was washed out of the extracellular space by transfering the slices to nonradioactive medium for 10 or 20 min, the net spe-cific activity of the tissue orthophosphate was similar to that of the ATP both in the presence and absence of ACh.
It can be seen from the results in this section that the effects of ACh on phosphatidic acid radioactivity, to be discussed below, could not be accounted for as secondary to an effect of ACh on 32P uptake into the cell or on the specific activity of ATP.
Because of the drawback of large changes with time in the specific activity of the precursor tissue orthophosphate-3 2P, due to the continuous uptake into the slices, the experiments to follow were designed whenever possible to minimize these changes. In many experiments this was achieved by exposing the slices to orthophosphate-32P for 60 min or more before the addition of ACh or other agents, and then continuing the incubation for relatively short periods of time, up to 20 min, after the additions. Under these conditions, there were no appreciable differences between the specific activities of the nucleotide NP of the control slices and those of slices exposed to concentrations of ACh from 10 -7 to 10 -4 M. In eleven paired experiments carried out under these conditions, the value for the specific activity of the total nucleotide P of slices exposed to ACh averaged 99% (range, 85-113%) of the value for the specific activity of the total nucleotide -P of the control slices from the same experiment.
Effect of ACh on the Total Radioactivity, Level, and Specific Activity of Different Phosphatides in Salt Gland Slices
Most of the experiments reported in the present work were carried out with times of exposure to ACh of not more than 20-30 min. This design was chosen because other physiological responses to ACh-NaC1 secretion (2), stimulation of 02 uptake (3, 19) , decrease in ATP level (20) , initiation of duct potential (23) , and fluorescence changes (24)-all occur well within such a time interval; the phosphatide changes which occur during this time interval are less complicated than those which may occur after longer periods of exposure to ACh. When salt gland slices were incubated with orthophosphate-32P for 100 min before the addition of ACh (plus eserine) and for 20 min after this addition, there was a severalfold increase in the total amount of radioactivity found in phosphatidic acid and no significant change in the total radioactivity found in phosphatidylinositol, diphosphoinositide, triphosphoinositide, phosphatidylcholine, phosphatidylethanolamine, and phosphatidylserine (Table  III) . The radioactivity in these lipids accounted for 85% of the radioactivity of the total lipid extract. In separate experiments using albatross salt gland slices, there were no significant differences in the levels of phosphatidic acid, phosphatidylinositol, phosphatidylcholine, and phosphatidylethanolamine between control slices and slices exposed to ACh (Table IV) . When net specific activities were measured, the only phosphatide which was found to have an increased net specific activity in response to ACh under the conditions outlined above was phosphatidic acid (Table V) . The term net specific activity is introduced to draw attention to the fact that although the specific activity is determined from the total radioactivity divided by the total P in each type of phosphatide, the molecules of any one species may not be in radioactive equilibrium with each other as one compartment but different fractions may be highly compartmentalized with respect to turnover rates. Most of the lipid molecules are not in aqueous solution but are components of many different Goose salt gland slices (approximately 30 mg fresh tissue in I ml of medium) were incubated with orthophosphate-P for 100 min before the addition of ACh (10-4 M) plus eserine (10-4 M). Values given are the means and standard errors of the means of nine individual values. The average specific activity of the nucleotide P was 1.75 X 106 cPM//pmole P at 100 min and 1.95 X 106 cpM//zmole P at 120 min. The radioactivity in the lipids shown accounted for 85% of the total radioactivity in the lipid extracts.
membrane systems in the cell. It is doubtful therefore whether these net specific activities have any absolute meaning in terms of turnover rate. When either albatross or goose salt gland slices are incubated under conditions in which ACh is added at the beginning of the incubation period, together with orthophosphate-32P, there is a substantial increase in the amount of 32P found in phosphatidylinositol, as well as phosphatidic acid, as has been reported elsewhere (3) . In neither albatross nor goose salt gland slices is there an increased radioactivity in phosphatidylinositol when slices are incubated for 60 min or more with 32p before the addition of ACh and for 20 to 30 min after the addition of ACh. The role of phosphatidylinositol in the responses of the salt gland to ACh will be discussed in a subsequent paper. The present work will be confined as far as possible to conditions in which, as discussed above, physiological response takes place with phosphatidic acid changes being the only significant phosphatide changes noted. Values are for means 4 standard errors of the means, followed by the number of observations.
The Formation and Continuous Turnover of a Fraction of Phosphatidic Acid in Salt Gland Slices in Response to ACh
After addition of acetylcholine (plus eserine) to salt gland slices which had been incubated for 100 min with orthophosphate-32P the radioactivity in phosphatidic acid rose sharply and reached a plateau after 1-2 min (Fig. 2) . There was comparatively little further rise during the subsequent 18 min. As indicated in the legend of Fig. 2 , there was little change in the specific activity of the nucleotide UP over the time interval of exposure to ACh and no significant difference between the specific activity of the nucleotide -P in control and stimulated slices. Albatross salt gland slices were incubated with orthophosphate-a'P for 60 min before the addition of ACh (10-4 M) plus eserine (10-M) and for 20 min after this addition. Values given are the means and standard errors of the means of three observations. The radioactivity in these phosphatides accounted for 90% of the radioactivity of the total lipid extracts.
The work presented here was carried out under conditions in which a maximum plateau level of radioactive phosphatidic acid was attained in response to ACh. This maximum level was achieved in response to concentrations of ACh of about 10-5 M or higher. In a separate experiment, it was . /min/g of fresh tissue and are corrected to a specific activity of 107 cPM//zmole P for the orthophosphate-P of the medium. The specific activity of the nucleotide -P of the tissue was 1.8 X 108 cPM/z4mole of P at 100 min, when ACh was added; at 120 min, the specific activity of the nucleotide -P of the control slices and of the slices exposed to ACh was 2.0 X 106 cPM/#jmole of P. Values given are the means and standard errors of the means of nine observations. Solid circles give values from control slices; open circles give values from slices to which ACh (plus eserine) was added.
found that the radioactivity in phosphatidic acid reached the same plateau level within 10 min in response either to 10-6 or 10-4 M ACh. The level of radioactivity in phosphatidic acid reached within 10 min in response to ACh concentrations lower than 10 -1 M was less than maximal. This point will not be elaborated here as it is more pertinent to work which will be discussed in a subsequent paper.
The rapid rise and leveling off of radioactivity found in phosphatidic acid shown in Fig. 2 could be due to a rapid burst of incorporation of phosphate into phosphatidic acid in response to ACh, followed by a cessation of responsiveness. If this were so, then if the tissue were to be exposed to ACh before exposure to 2P, this initial burst of activity would be over before exposure to the isotope and under these conditions there would be no increased amount of radioactivity in phosphatidic acid in the slices exposed to ACh. Table VI shows that this explanation is not correct. ACh (plus eserine) was added 20 min before the addition of orthophosphate-32P to the medium, and samples were taken at 10 and 20 min intervals after the addition of orthophosphate-2P. At each time interval there was approximately four times as much radioactivity in phosphatidic acid in the stimulated slices as in the unstimulated slices. This experiment fits the interpretation that the rapid rise and leveling Goose salt gland slices were incubated without or with added ACh (1.6 X 10- off of radioactivity in phosphatidic acid in Fig. 2 is due to the formation of a compartment of phosphatidic acid which undergoes continuous turnover at a rate sufficient to maintain isotopic equilibrium with its radioactive precursor. In the light of the continuous turnover of phosphatidic acid shown in Table  VI it can be seen that the experiment of Fig. 2 fits the criterion of Zilversmit, Entenman, and Fishler (25) for precursor and product relationship where the specific activity of both precursor and product (phosphatidic acid) are equal and the system is in a steady state with respect to the amount of product in the relevant compartment.
Comparison of the Effect of ACh on the Uptake of Glycerol-l-'4C and 32p into Phosphatidic Acid
Three pathways have been described for the synthesis of phosphatidic acid: L-a glycerophosphate-32P would be the immediate radioactive precursor in pathway a; AT32P would be the immediate radioactive precursor in pathways b and c. To test which of these pathways was involved in the response, Salt gland slices from the herring gull (approximately 30 mg fresh tissue in I ml of medium) were incubated with either glycerol-l-14C (2.5 pumoles/ml; specific activity, I ,Ac/pmole) or orthophosphate-3 2 P (1.2 pAmoles/ml; specific activity 1 jAc/psmole) for 100 min before and for a further 20 min after the addition of ACh (10-4 M) plus eserine (10-4 M). 14C radioactivities are corrected to cPm at infinite thinness; under the conditions used, 1 pAc of 14C gave 4.4 X 106 CPM. 32P radioactivities are the observed values, corrected for radioactive decay; under the conditions used, I pc of 2p gave 106 cPM. Values are the means and standard errors of the means of triplicates. Chromatography was carried out by the method of Beiss and Armbruster (14), as described in the text. Spots were located by radioautography. After incubation with glycerol-Il-"C, only two radioactive spots were visible; these were at RF 0.65, which is the position of phosphatidylethanolamine and phosphatidylserine in this system; the other was RF 0.85-1, where phosphatidic acid and nonphosphorylated glycerides are found; the material of this spot was submitted to mild alkaline hydrolysis and then extracted to remove lipids, according to the method of Dawson (29); carrier a-glycerophosphate was added and glycerophosphate was then separated by electrophoresis on paper (15) . "C was detected by radioautography; glycerophosphate was detected by the method of Wade and Morgan (30) . The only visible radioactive spot coincided with the a-glycerophosphate spot.
ACh was added to salt gland slices which were incubated in the presence of either glycerol-1-4C or orthophosphate-3 2 P. The slices were incubated in the presence of one or the other of these isotopic precursors for 100 min before the addition of ACh and for 20 min after this addition. ACh gave a sixfold increase in the amount of 32p found in phosphatidic acid but there was little, if any, increase in the amount of glycerol-l-14C incorporation into phosphatidic acid (Table VII) . The absolute amounts of 32P and 14C incorporated are not directly comparable, since the specific activities of the immediate pre8o 4 cursors are probably quite different with the two isotopes. The rates of uptake of phosphate and glycerol are unlikely to be the same and 2p can enter a-glycerophosphate via the glycolytic pathway as well as by glycerokinase activity, whereas the conversion of glycerol to glycerophosphate requires glycerokinase activity. The fact that there was a reasonable amount of glycerol-1-14C incorporation into the lipids suggests that there was a reasonable amount of glycerokinase activity in this tissue. Glycerophosphate formed by this reaction would enter the pool of glycerophosphate available for phosphatidic acid synthesis during the 100 min of incubation before the addition of ACh. During this 100 min, all the slices were treated in an identical manner, so that the specific activity of the tissue glycerophosphate, with respect to either 14C or 32p, would be the same in those slices to which ACh was to be added as in the control slices. Therefore, if glycerophosphate were the sole precursor for phosphatidic acid synthesis in this system, one might expect an increase in the amount of glycerol-l-1 4C incorporation into phosphatidic acid after ACh, as is observed with 32p incorporation. The absence of such an effect suggests that the fraction of phosphatidic acid which is formed and which undergoes continuous turnover in response to ACh does not derive its phosphate from a-glycerophosphate and does not undergo de novo formation of its diglyceride moiety, and that the glycerol-1-'4C which was incorporated into phosphatidic acid was in a fraction of phosphatidic acid which does not show a response to ACh. No formation of 3 2 P-labeled lysophosphatidic acid was observed in this system, indicating that pathway (c) was unlikely to be involved in the response. The data fit best the interpretation that the increase in a2p radioactivity in phosphatidic acid in response to ACh involves reaction of diglyceride with ATP by the diglyceride kinase pathway. The precursor diglyceride does not appear to be synthesized de novo under these conditions. Evidence will be presented in a later paper that it is probably derived from phosphatidylinositol.
Specific Activity of the Precursor for Phosphatidic Acid Turnover
In the experiments shown in Table VI , where the specific activity of the ATP increased markedly with time, the ratio of the increased radioactivity in phosphatidic acid due to ACh to the specific activity of the nucleotide uP was constant. This would be expected if this fraction of ACh-responsive phosphatidic acid, which undergoes continuous turnover, were to be in radioactive equilibrium with the ATP. Table VIII shows that when the specific activity of the ATP was allowed to fall by transfer of the tissue to a nonradioactive medium, the amount of radioactivity in phosphatidic acid fell proportionately to the fall in ATP specific activity.
These results indicate that the addition of ACh to salt gland slices causes the formation of a fraction of phosphatidic acid which assumes a constant steady-state level but which undergoes phosphate turnover at a rate sufficient to maintain isotopic equilibrium either with phosphate in ATP or with that in a precursor of similar phosphate specific activity to that of ATP under the conditions of these experiments.
Steady-State Level of Radioactive Phosphatidic Acid Formed in Response to ACh
If the phosphate precursor for phosphatidic acid turnover has the same specific activity as the phosphate in AT32P, the amount of phosphatidic acid formed and undergoing continuous turnover in response to ACh can be calcu- Goose salt gland slices were incubated with orthophosphate-"P for 30 min. At this time samples were removed for determination of the initial values. The remaining samples were blotted lightly and transferred to nonradioactive medium. Incubation was continued for a further 50 min. The stimulated slices were exposed to ACh (10-4 M) plus eserine (10-4 M) throughout both incubation periods. The experiment was carried out in triplicate; nucleotide -P-specific activities were determined on pooled samples from the triplicates; phosphatidic acid values are the means and standard errors of the means of the triplicates.
lated from the increase in total radioactivity in phosphatidic acid. The maximum amount involved in the response to ACh in goose salt gland tissue, expressed as umoles/g of fresh tissue, averaged 0.182 (sE 4 0.019; 26 experiments; range, 0.051-0.454); similar values were obtained from albatross and gull salt gland slices. An experiment in which the amount was determined both by the addition of 32p before ACh and by addition of ACh before 32p in tissue from the same animal is shown in Table IX . As can be seen, the amount of phosphatidic acid involved in the response to ACh as determined under these different conditions, with reference to the different specific activities of the nucleotide P, agreed closely.
Relationship between Total Level of Phosphatidic Acid, Total Radioactivity in Phosphatidic Acid, and Net Specific Activity of Tissue Phosphatidic Acid
The amount of phosphatidic acid formed in response to ACh amounts to about 17% of the total level of phosphatidic acid in the tissue; the methods used for determining the levels, as shown in Table III, were not sufficiently   8o6 precise to demonstrate such a proportion as a significant increase in the total tissue phosphatidic acid. The kinetic behavior of the radioactive fraction formed in response to ACh indicates that this fraction does not mix with the other phosphatidic acid molecules of the tissue. If they did, the maximum steady-state level would only be reached when all of the phosphatidic acid molecules of the cell were in isotopic equilibrium with the precursor. The net specific activity, i.e. total radioactivity divided by total tissue content, of a tissue component in which a fraction is compartmentalized in this manner and which is in isotopic equilibrium with its precursors is therefore only Goose salt gland slices were incubated for 30 min. Orthophosphate-uP was present in the medium from the beginning of incubation in some vessels and ACh (3 X 10-6 M) plus eserine (10-4 m) was added to these vessels after 20 min. In other vessels, as indicated, ACh plus eserine was present from the beginning of the incubation and orthophosphate-"2P was added to the medium after 20 min. Slices from the glands of one animal were used; the values are the averages of duplicate observations. * Calculated from APA radioactivity assuming this fraction to be in isotopic equilibrium with nucleotide -P.
meaningful in terms of giving a value for the proportion of the total phosphatidic acid so involved, if the specific activity of the precursor is known.
Activation Time and Rate of Turnover of the Responsive Phosphatidic Acid
It is not correct to assume that the time taken to achieve maximum radioactivity in phosphatidic acid after addition of ACh, as in Fig. 2 , is a measure of the rate of the turnover reactions. This time interval includes the time taken for ACh to activate the tissue maximally, and this may involve a rate-limiting process at a stage earlier than phosphatidic acid formation and turnover. The activation time for full physiological response to develop appears to be of the order of minutes in the salt gland. Fange et al. (2) found that when the secretory nerve of the gull was stimulated, secreted fluid from the salt gland appeared in the cannulated duct within 0.5-1 min, but the secretion rate was slow in the beginning and did not reach maximum for several min. The fluorescence changes found by Van Rossum (24) to occur in salt gland slices in response to metacholine appear from his data to require about 2 min to reach their maximum. The experiment shown in Fig. 2 does indicate however that the maximum time for synthesis of the full steady-state level of responsive phosphatidic acid does not exceed 2 min. Since the rates of synthesis (introduction of 32p) and breakdown (removal of phosphate) are equal during the steady state this would indicate that the turnover time could be less than 2 min. Under the steady-state turnover conditions, after formation of the responsive phosphatidic acid, the radioactivity in the responsive fraction can change only if the specific activity of the fraction changes, and the latter can change only if the specific activity of the precursor changes. The shortest time interval in which significant changes in the specific activity of the precursor (ATP) were measured here was 10 min (Table VII) ; and the radioactive phosphatidic acid appeared, within experimental error, to be in isotopic equilibrium with the ATP over this time interval. Since the phosphatidic acid must have turned over more than once during this time interval in order to maintain this isotopic equilibrium, these experiments indicate that the minimum turnover time must be less than 10 min. It is clear that these experiments do not give any information as to the actual turnover time of the responsive phosphatidic acid. All that can be said is that the time for turnover is certainly less than 10 min and probably less than 2 min. The actual turnover time may be very much lower than this.
DISCUSSION
The data presented here indicate that part of the response to acetylcholine in salt gland slices involves the formation, as measured by 32p incorporation, of a fraction of phosphatidic acid which averages maximally about 0.18 moless per gram of fresh tissue; this phosphatidic acid undergoes continuous turnover of its phosphate group. The synthetic reaction does not appear to involve formation of the diglyceride moiety, as measured by glycerol-1-4C incorporation. The formation of this fraction of phosphatidic acid presumably therefore involves reaction of existing diglyceride moieties with ATP by the diglyceride kinase pathway; diglyceride kinase has been shown to be present in the membrane fractions of salt gland (3).
Since acetylcholine does not increase either the uptake of orthophosphate32p or the specific activity of the ATP, there is no reason to suppose that the increase in phosphatidic acid-32P radioactivity in the presence of acetylcholine is an indirect effect; rather it appears to be a true response to acetylcholine.
Phosphatidic acid can be an intermediate for the synthesis of phosphatides and neutral lipids (31) ; the fraction of phosphatidic acid which is formed in response to acetylcholine and which undergoes continuous 32p renewal might conceivably therefore be a pool of intermediate for the synthesis of other lipids. There is no evidence for any increased net synthesis of other lipids under these conditions. It was shown in Tables II and IV that there is no increased incorporation of 32p into any of the other phosphatides measured in response to acetylcholine under these conditions; nor with glycerol-1-4C as an isotopic precursor (Table VII) was there any evidence for any greatly increased synthesis of glycerides in response to ACh. These experiments do not rigorously exclude the possibility that the ACh-responsive fraction of phosphatidic acid might represent an increase in the steady-state level of phosphatidic acid as an intermediate for synthesis with no concommitant increase in the rate of passage of phosphatidic acid or diglyceride into other lipids. However, the rapid turnover rate of the phosphatidic acid fraction compared with the relatively slow rate of 4C and 32p incorporation into lipids other than phosphatidic acid would not suggest that this is likely to be true. The point is not further discussed here as a subsequent paper will present evidence which clarifies the issue.
Previous work has shown that the responsive phosphatidic acid is in lipoprotein form in the tissue and is located in the microsomal fraction of the cell (3). The salt gland contains numerous cytomembrane infoldings (32-34); microsomal fractions from this tissue consist largely of smooth membrane fragments (D. B. Slautterback, L. E. Hokin, and M. R. Hokin, unpublished observations) presumably derived from these cytomembrane infoldings. The present work indicates that the responsive phosphatidic acid amounts to not more than 20% of the total phosphatidic acid of the tissue; it appears to be combined in the structure of the membranes in such a way that it does not mix with the other (nonresponsive) phosphatidic acid of the tissue.
The observations suggest that the formation and turnover of this fraction of phosphatidic acid plays some role in the over-all secretory process in the salt gland. During stimulation of Na + transport by acetylcholine this phosphatidic acid appears to undergo cyclic dephosphorylation and rephosphorylation and this would be compatible with the possibility that the phosphatidic acid may be acting as a transducer for the conversion of the energy of ATP to the osmotic work necessary for Na+ extrusion, as has been elaborated elsewhere (3, 6) . However, when phosphatidic acid was examined as a possible intermediate in the Na+ + K+-dependent, ouabain-sensitive ATPase activity of salt gland homogenates (35) 
